While progress has been made in the field of exosome biology, many protocols are contradictory in the most effective and efficient method of characterizing exosomes (Taylor and Shah, 2015) . Here, we provide a detailed protocol for evaluating the function and physical properties of semen exosomes (Madison et al., 2014; Madison et al., 2015) . This protocol lays the groundwork for evaluating other functional activities of semen exosomes, and for evaluating exosomes from other sources. www.bio-protocol.org/e2216 
Materials and Reagents
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This study utilized existing human specimens (semen) and therefore is not human subjects'
research. The samples were discarded from routine examinations and not linked to any identifiers.
1. Collect semen by dry manual stimulation and ejaculation into sterile 15 ml polypropylene conical tubes.
2. Store samples at room temperature for 30 min to promote liquefaction and then centrifuge for 10 min at 1,000 x g at 4 °C to pellet spermatozoa.
3. Remove seminal plasma from spermatozoa-containing pellets. Pellets can be discarded or stored for downstream analysis. C. Ultracentrifugation purification of exosomes 1. Dilute clarified seminal plasma 50% in PBS, and ultracentrifuge at 100,000 x g for 2 h at 4 °C to pellet exosomes using an SW41Ti rotor.
2. Wash exosome pellets in PBS three times with ultracentrifugation at 100,000 x g for 30 min per wash (1.5 h). A volume of PBS should be used that completely fills the ultracentrifuge tubes to avoid collapse of the tubes. supplemented with 10% exosome depleted FBS, 100 U/ml penicillin, 100 μg/ml streptomycin, 1 mM sodium pyruvate, and 0.3 mg/ml L-glutamine in a 5% CO2 incubator at 37 °C.
2. Grow TZM-bl vaginal epithelial cell lines in tissue culture dishes in DMEM supplemented with 10% exosome depleted FBS, 100 U/ml penicillin, 100 μg/ml streptomycin, 1 mM sodium pyruvate, and 0.3 mg/ml L-glutamine in a 5% CO2 incubator at 37 °C.
3. Grow VK2 and V428 vaginal epithelial cell lines in tissue culture dishes in keratinocyte serum free media supplemented with 0.1 ng/ml prequalified human recombinant Epidermal Growth Factor 1-53, 0.05 mg/ml BPE, 100 U/ml penicillin and 100 μg/ml streptomycin. Treat with trypsin as described in step E5, and neutralize with 10% exosome free FBS in RPMI.
Wash the cells three times in 1 ml PBS with 5 min centrifugation at 500 x g at 4 °C.
8. Assess cellular uptake and exosome internalization kinetics utilizing FACS analysis or confocal microscopy.
a. For FACS analysis:
i. Fix cells for 15 min on ice with 300 μl 2% paraformaldehyde.
ii. Wash the cells two times in PBS with 5 min centrifugation at 500 x g in between each
wash. Resuspend the cell pellets in 300 μl PBS.
iii. Analyze fluorescence using a FACSCalibur or FACSVerse flow cytometer (BD) to detect the PKH67Green (FL-1 or FITC channel, respectively) or PKH26Red (FL-2 or PE channel, respectively) transferred from exosomes to cells during fusion and uptake.
iv. Determine cellular frequency and fluorescence intensity using FlowJo analysis software (TreeStar) (Figure 1 ). at 37 °C for 1 h, after which you move the plate to 4 °C for overnight incubation. After overnight incubation, remove the collagen solution and gently wash the coverslips in the wells three times with PBS. After the final wash, aspirate all the PBS and immediately proceed to step E8b.ii.
ii. Grow TZM-bl, VK2 or V428 adherent cells in 12 well tissue culture plates on top of collagen coated microscope cover slips, expose to fluorescent exosomes as described in step E4 and wash three times in PBS in the plate.
iii. Fix cells on the coverslips in the plate with 2% paraformaldehyde for 15 min with the plate on ice. 
F. Detection of surface exosomal markers
Here we will describe detection of human CD63 in SE, but this protocol may be modified for detection of other common exosomal surface markers in SE. Human CD63 in SE is detected per the manufacturer's instructions using the exosome-human CD63 isolation/detection kit from Invitrogen where after acquiring SE:
1. Resuspend 25 μg of SE to a total volume of 100 μl in 0.1% BSA. 9. Place the tube on the magnet for 1 min and discard the supernatant before removal from the magnet.
Resuspend anti-CD63
10.
Resuspend the SE bound beads in 300 μl of 0.1% BSA.
11.
Transfer 100 μl of the SE bound beads to a new microcentrifuge tube. Add 5 μl of anti-human CD63-FITC (BioLegend) and mix by pipetting.
www.bio-protocol.org/e2216 13. Wash the antibody stained SE-bound beads in 300 μl of 0.1% BSA and mix by pipetting. Place the tube on the magnet for 1 min, and discard the supernatant before removal of the tube from the magnet.
14. Repeat the washing step twice before resuspending the SE-bound beads in 300 μl of 0.1% BSA.
Transfer the resuspended SE-bound beads to a 5 ml polystyrene round-bottom tube before analysis on FACSVerse instrument and FlowJo (Tree Star) software (Figure 2 ). depleted FBS, 100 U/ml penicillin, 100 μg/ml streptomycin, 1 mM sodium pyruvate, and 0.3 mg/ml L-glutamine in a 5% CO2 incubator at 37 °C.
2. Preincubate 100 μg/ml SE or PBS vehicle with 8 RT units of HIV-1 virus for 1 h at 37 °C in DMEM supplemented with 10% exosome depleted FBS, 100 U/ml penicillin, 100 μg/ml streptomycin, 1 mM sodium pyruvate, and 0.3 mg/ml L-glutamine. Preincubate supplemented DMEM with PBS vehicle as uninfected control. Mix before incubation by vortexing. iii. Read luciferase activity in a microplate luminometer. 
Data analysis
1. Each assay should be experimentally repeated at least three times with replicates of three per experiment to verify reproducibility. 
Storage of exosomes
We found that repeated freeze-thawing of exosomes decreases functional activity. We recommend that after isolation, to aliquot exosomes into individual microcentrifuge tubes (< 100 μg) before freezing for storage to retain functional activity.
Discarding of supernatant
When discarding supernatant after pelleting or washing exosomes, we recommend removal by pipette aspiration rather than inversion to ensure complete removal. However, exosome pellets may not always be easily observed, depending on the concentration used, and caution should be used to not dislodge the pellet.
Sterility
As often as feasibly possible, all experimental steps should be completed under a laminar flow hood to ensure an aseptic environment. Contamination may influence downstream analyses.
HIV-1 infectivity
Because TZM-bl cells contain background fluorescence, we recommend plating 10,000 cells 19
